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Abstract

Subtle motor activity of the gluteal muscles and legs of the operator sitting in a chair
can be obtained by using capacity sensors applied to the seat itself, thus making
viable to easily record variations in motor restlessness during the execution of a task.
The present study was aimed at studying the relation between variations in mental
workload and variations in motor activity that are unrelated to the task to perform.
Preliminary results from a laboratory study employing behavioural, ocular,
subjective and motor measures show that motor restlessness can be considered as a
promising indicator that can be usefully integrated in any data collection procedure
for assessing the operator functional state.

Introduction

A leitmotiv of Human Factors research is that multiple approaches are needed for
measuring mental workload, being the construct itself determined by many different
factors related to both the nature of the task and the characteristics of the operator.
Another reason for using multiple measures is the intrinsic imperfection of any of
them in terms of sensitivity, diagnosticity, intrusiveness.

A large number of sensitive subjective, behavioural, and psychophysiological
measures are reported in the literature. Many of them are still commonly used in
research and practice, many others have failed to meet the requisites of diagnosticity
or have temporarily failed because of the limits imposed by technology (Di Nocera,
2003). The use of eye movements, for example, has been revitalized after eye-
tracking systems have become cheaper, less intrusive, and actually implementable in
real world domains. Single trial ERPs such as the P300, instead, are -in our opinion-
still unusable. The limitations due to the difficulties in extracting a clean signal from
the on-going EEG avoiding artifacts, as well as the unreliable predictive power of a
change in amplitude or latency, connote ERPs as a measure hard to export outside
the laboratory setting.

The quest for a fairly good measure of mental workload will probably have no end,
considering that 1) the real objective is that of finding a measure that can work in
real operating environments and —most importantly- in the real-time, 2) the
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pervasiveness and miniaturization of portable technology is tremendously growing
and already delivers novel and unpredictable solutions 3) different measures are
needed to suit different operating settings, also because they show sensitiveness
within different bandwidths (de Waard, 1996). The latter consideration is not trivial.
For example, infrared based solutions for eye-tracking may not be the best approach
when the operational settings are characterized by abrupt and frequent changes in
lighting. Moreover, sophisticated techniques for measuring mental load may simply
be unnecessary. Consider, for example, the difference between the need to measure
mental workload of baggage screening vs. customer care operators. In both cases,
information on the operator functional state is useful for mitigating the workload
through alarming systems, automation support and the like. However, the activities
carried out in the first case need a better time resolution than the second. Indeed,
sudden changes in mental workload can strongly affect performance in the first case,
whereas in the second case exact timing is not an issue. This difference applies to
many settings in which the mental load assessment does not serve a timely change in
the operative procedures. In those cases, cheap, smooth, not at all intrusive, and even
rough measurement strategies may be better suited.

In this paper we will take into consideration the incidental motor activity that is
unrelated to the primary task imposing the load. We started from the consideration
that many operative settings require individuals to spend much time seated over a
chair. Over a prolonged period of time, sitting becomes uncomfortable and we
believe that the spontaneous motor activity of the operator constrained in that
position can be considered as a candidate measure of his/her functional state.

Motor restlessness

Motor activity has been usually neglected in mental workload assessment with the
exception of the NASA-TLX (Hart & Staveland, 1988), as the physical demand was
included among the factors affecting the overall mental workload. In that case,
however, the focus was on the amount and intensity of physical activity required to
complete the task. What is of our interest here is, instead, is the physical activity that
is not related to the primary task.

As far as we know, the only experimental study in the HF/E domain specifically
involving motor restlessness as a variable is that carried out by Galinsky and
colleagues (1993). In that case, restlessness was employed as and indicator of stress
in a vigilance task and results showed that it increased during the task along with
fatigue. After that contribution, the idea of including restlessness within the set of
measures usually recorded during workload/vigilance studies has not been taken into
consideration anymore. Still, movement is a pervasive human activity, not only
when it relates to the operating task: the incidental motor activity may be interesting
as well.

Although the type of movements we are interested in here are not pathological in
nature, the urge to move one’s body to stop uncomfortable or odd sensations is
typical of a neurological disorder known as Restless Legs Syndrome (RLS). Sir
Thomas Willis had noted the symptoms as far back as 1672 (Molnar, 2004):
“Wherefore to some, when being abed they betake themselves to sleep, presently in
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the arms and legs, leapings and contractions on the tendons, and so great a
restlessness and tossings of other members ensue, that the diseased are no more able
to sleep, than if they were in a place of the greatest torture” (from “De Anima
Brutorum”). The RLS is a controversial disorder, as many physicians consider its
incidence exaggerated by manufacturers of drugs used to treat it (Woloshin &
Schwartz, 2006). However, whether a diagnosis of RLS is genuine or not, the
pervasive habit to engage in incidental motor activity while performing another task
by many people it is an undeniable fact.

In this paper we will thus take into consideration the incidental motor activity that is
unrelated to the experimental task employed for imposing the taskload. Such subtle
motor activity may be related to the unpleasant feeling of being uncomfortable, or -
more generically- to the impatience of the individual. For example, tapping with
one’s foot impatiently it is a common experience in relation to nervousness,
agitation, boredom or a combination of these. Such motor restlessness is among the
activities commonly grouped under the term “fidgeting” (although, fidgeting
includes many other behaviours, such as playing with one’s hair or clothes, that are
not of our interest here). Fidgeting is commonly considered a bad habit and also
symptom of mental tension. Nevertheless, fidgeting has also been related to better
concentration (Pine et al., 2013).

Study
Participants

Twelve individuals (7 females, mean age = 29.6 st. dev. = 5.82) were involved in
this study. All participants had normal or corrected to normal vision.

Experimental setting

A custom version of the Tetris game, a commonly known tile-matching puzzle
videogame, was coded using Matlab. The version used in this study acted as a
common version of the Tetris game with the exception that in this case the game
started from a blank screen (starting condition) each time the stack of Tetriminos
(game pieces) reached the top of the playing field and no new Tetriminos were able
to enter. This condition commonly denotes the end of the game, whereas in this very
situation was scored as a loss. Number of losses was used as dependent variable for
assessing participants’ performance. Three difficulty conditions were implemented
by manipulating the falling speed of the Tetriminos (Easy, Intermediate, Hard: 125,
100, and 80 ms per row respectively). Each condition lasted 10 minutes and the
condition order was randomized across participants.

Ocular data collection

The X2-30 wide eye tracking system (Tobii, Sweden) was used for recording ocular
activity. The X2-30 Eye Tracker is a standalone eye tracker that can be used in
various setup by attaching it to monitors, laptops or for performing eye-tracking on
physical objects with a sampling rate of 30 Hz. Its large head movement box allows
the subjects to move during recording while maintaining accuracy and precision.
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The X2-30 uses infrared diodes to generate reflection patterns on the corneas of the
subject’s eyes. These reflection patterns, together with other visual data about the
subject, are collected by image sensors. Image processing algorithms identify
relevant features, including the eyes and the corneal reflection patterns. Complex
mathematics is used to calculate the 3D position of each eyeball, and finally the gaze
point on the screen.

Fixations data collected in the three gaming conditions were used as input for the
software package ASTEF (Camilli et al., 2008) in order to compute the Nearest
Neighbor Index (NNI), an index of spatial dispersion that has been repeatedly found
to be correlated to mental workload (Camilli et al., 2007; 2008; Di Nocera et al.
2006; 2007).

Motor data collection

In order to measure the subjects’ movements on the seat, the PressureTex system
(Future-Shape GmbH, Germany) was used. It consists of two layers of conductive
textile with a non-conductive compressible layer in-between implementing a textile
capacitor. The lower conductive layer is structured in typically 32 independent
sensor fields per square meter the capacitance of which is measured by means of
integrated flexible electronics modules. When force is applied, the textile is
compressed leading to a rise in capacitance at that location. Figure 1 shows the
typical dependency of capacitance on the pressure applied.
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Figure 1. PressureTex typical dependency of capacitance on the pressure applied.

The capacitance data is transmitted wirelessly from the electronics modules to a
radio receiver plugged into a PC’s USB port. Whereas the spatial and temporal
resolution of the sensors are typically 1/32 m? and 1/100 s, the data for the
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experiments described in this paper were obtained by low-pass filtering the
maximum pressure variation over the whole seat and over 1 minute.

Procedure

Participants were seated in front of a 17” display, at a distance of approximately 60
cm, over a chair mounting the capacitance sensors described above. The room was
dimly illuminated only by the display. After calibration of the eye-tracking system,
they underwent a practice run of the Tetris game. Practice was run at the
Intermediate level of difficulty for all subjects, who were informed on the nature of
the level of difficulty for avoiding context effects in the subjective assessment (see
Colle & Reid, 1998) they carried out by compiling the NASA-TLX at the end of
each gaming session.

Data analysis and results

Performance, subjective, ocular, and motor data were used as dependent variables in
repeated measures ANOVA designs using Taskload as repeated factor (Easy vs.
Intermediate vs. Hard). One subject was excluded from the analysis on motor data
because he/she did not produce any recordable change over the sensors during an
entire session. Results showed a significant effect of Taskload on the number of
losses (F»20=159.16, p<.001). As expected, performance deteriorates as difficulty
increases. Duncan post-hoc testing showed that all differences were statistically
significant.
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Figure 2. Performance breakdown in the three taskload conditions. Error bars denote 95%
confidence intervals.

Results showed a significant effect of Taskload on the NASA-TLX weighted scores
(F220=5.60, p<.05). Perceived workload was lowest in the Easy condition.
Particularly, Duncan post-hoc testing showed that only the difference between the
Easy condition and the other two was statistically significant.
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Figure 3. NASA-TLX weighted scores in the three taskload conditions. Error bars denote 95%
confidence intervals.

Results also showed a significant effect of Taskload on the distribution of eye
fixations (F,,0=5.87, p=.01). The fixation pattern became more widespread as
taskload increased. Particularly, Duncan post-hoc testing showed that the difference
between the Easy and the Intermediate condition was significant, whereas the
difference between the Intermediate and the Hard condition showed a tendency
towards statistical significance (p=.07).
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Figure 4. Nearest Neighbour Index in the three taskload conditions. Error bars denote 95%
confidence intervals.
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A significant effect of Taskload was also found on the average excursion of
movements over the chair (F,;5=12.07 p=.001). Greater restlessness effects were
associated with the Easy condition. Particularly, Duncan post-hoc testing showed
that only the difference between the Easy condition and the other two was
statistically significant. However, the difference between the Intermediate and the
Hard condition approached significance (p=.09).
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Figure 5. Restlessness amplitude (pF) in the three taskload conditions. Error bars denote
95% confidence intervals. Subtle motor activity of the gluteal muscles and legs of the operator
sitting in a chair can

Discussion and Conclusions

When we started devising this study, we were exploring the opportunity to
investigate the relation between subtle motor activity and mental load. We candidly
admit there was no theoretical linkage between the two at that time, except the trivial
consideration that expressions of human variability are somewhat linked one to
another, and that it was worth investigating another parameter possibly linked to the
operator functional state. The effect found (namely, the lower is the mental
workload the greater is the restlessness) it is suggestive of a relation between these
two constructs that is worth to be further investigated in successive studies.

People apparently make more incidental motor activity when taskload is low. This
excludes that the type of motor activity we have measured here is related to
apprehension for one’s performance in the primary task. On the contrary, we could
expect boredom in this case. It is worth noting that our participants underwent a
training session at the intermediate level of difficulty, thus the first time they
approached the easiest level of difficulty they may have experienced the tediousness
of the slow-falling Tetriminos. However, interacting with a slow-paced task may
reflect in drifting attention to a faster-paced activity (e.g. food-tapping). This
concept is not new in the functional analysis of behaviour and Susan Schneider has
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convincingly described it in her book “The Science of Consequences”. According to
Schneider (2012), not only variety is a reinforcer (“even three-month-old babies will
turn their heads so that they can see complex patterns but not simple ones”), also
activity itself is intrinsically reinforcing. A slow-paced task may be a poorly
rewarding activity from which people are willing to escape. With that in mind,
“boredom” would indicate a lack of reinforcers, not a lack of stimulation.

What we have so far described as “restlessness” may indeed be an active (albeit
mindless) strategy for focusing on the primary task. Fidgeting might indeed provide
a form of a “mental break”. Mehrabian and Friedman (1986), for example, suggested
that fidgeting is an activity overflow and that it is more probable when the
organism’s physical activity is constrained by the central or focal act. As a matter of
fact, in the context of a sustained attention task, task switches can decrease the
vigilance decrement effect (Ariga & Lleras, 2011).

Of course these are mere speculations, and a specific research programme should
address these very hypotheses. Nevertheless, this study provided additional evidence
for the distribution of eye fixations as an indicator of mental load and the results on
the relation between taskload and incidental motor activity are very encouraging.
Finding a linkage between a spontaneous activity and the operator functional state is
always appealing in the HF/E domain. Also, as reported above, in many operational
settings the mental load assessment does not serve a timely change in the operative
procedures. Motor restlessness (or fidgeting) could be the cheap, smooth, non-
intrusive metric to employ in those cases. Future studies will address the many
issues that could not be solved in one single experiment (e.g. the large variability
affecting the movement data) and, as a first step, we are considering the opportunity
to address the sensitivity issue by enhancing the capacitance sensors needed for
gathering the subtle activity we are looking for.
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